Antisera to the major outer membrane protein of Vibrio cholerae (molecular weight, 48,000) raised in rabbits (i) agglutinated several strains of V. cholerae and (ii) immunoprecipitated outer membrane proteins prepared from both the biotypes and serotypes of V. cholerae. Antibodies of all isotypes to the major outer membrane protein were detected in immune human sera by enzyme-linked immunosorbent assay. These results suggest that the major outer membrane protein was the common outer membrane antigen of V. cholerae which was immunogenic in humans.
Vibrio cholerae is a gram-negative bacterium which colonizes the small intestine of the gut, where it secretes an enterotoxin which binds to the mucosal epithelial cell and causes an outpouring of fluid into the intestinal lumen. Both antibacterial and antitoxic immunities are developed in the infected host (10) . Although cholera is a toxin-mediated disease, recent evidence based on human volunteer studies suggests that antibacterial immunity plays a more important role in protecting humans than does antitoxic immunity (9) .
V. cholerae, like other gram-negative bacteria, contains an outer membrane composed of both lipopolysaccharides (LPS) and proteins which provide the antibacterial immunity. In a recent paper, the composition of the outer membrane proteins of V. cholerae was described (4) . It was observed that the outer membrane contained a major protein of molecular weight 48,000 (48K) which was present in all the biotypes ( V. cholerae cultures were grown aerobically in semisynthetic or Syncase medium (3) at 37°C with continuous shaking up to the stationary phase of growth (8 h). The outer membrane proteins were prepared from the cell envelope fraction by Triton X-100 extraction as previously described (4) . Membrane proteins were analyzed on 10% acrylamide slab gels by sodium dodecyl sulfate-polyacrylamide gel electrophoresis according to the procedure of King and Laemmli (7).
V. cholerae 10732, a strain belonging to the Inaba serotype and the classical biotype, was used for the preparative isolation of the major outer membrane protein of molecular weight 48K. It was recovered from the polyacrylamide gel slab after electrophoresis as described previously (4 The outer membrane proteins of V. cholerae 10732 were analyzed by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (Fig. 1) 26K, and 30K were also observed. As reported previously, the 48K protein was the major component present in the outer membrane of all biotypes and serotypes of V. cholerae (4) . To determine the immunological identity among the major outer membrane protein of V. cholerae belonging to both the biotypes and serotypes, immunodiffusion studies were performed. The 48K protein was isolated from the outer membrane of V. cholerae 10732 (Inaba) by preparative polyacrylamide gel electrophoresis. The purified 48K protein was devoid of any LPS moieties as detected chemically for carbohydrate moieties by the phenol-sulfuric acid method (1). Also, it did not produce any positive reaction when examined by the Limulus lysate gelation assay, a biological test used to detect endotoxic LPS moieties (8) . Antisera to the 48K protein were raised in rabbits. To detect any anti-LPS activity, the antisera were checked by immunodiffusion against the LPS (Inaba) according to the method of Ouchterlony (11) . No immunoprecipitation line was observed, suggesting that the antisera did not contain any anti-LPS activity.
Outer membrane proteins prepared from V. cholerae strains belonging to both the biotypes and serotypes were allowed to diffuse against the antisera to the 48K protein. As shown in Fig.  2 , an immunoprecipitation line of identity was observed, which suggested that the 48K protein present in the outer membrane of various biotypes and serotypes of V. cholerae was immunochemically identical.
Quantitative agglutination studies were performed with the antisera to the 48K protein in microtiter plates. Sixteen strains of V. cholerae belonging to both the biotypes and serotypes were used. The antisera agglutinated all these bacteria; the titer remained at around 256. The preimmune serum did not cause agglutination. These results further demonstrate that the 48K protein was the common outer membrane antigen of V. cholerae.
Since the antisera to the 48K protein agglutinated V. cholerae of all biotypes and serotypes, it is evident that this protein was exposed on the bacterial cell surface and hence should be immunogenic in humans. To determine whether immune responses were developed to the 48K protein in humans, sera were collected from a healthy volunteer who had received parenterally a bivalent cholera vaccine consisting of equal amounts of Ogawa and Inaba strains. To detect immune responses to only anti-48K protein antibodies, anti-LPS antibodies were removed from the immune sera by absorption with the LPS from Ogawa and Inaba serotypes. The efficacy of absorption was checked by immunodiffusion, since the absorbed sera did not produce any immunoprecipitation reaction to the LPS, as determined by the Ouchterlony method (11) . Applying the ELISA technique, antibodies to the 48K protein were detected in the immune human sera (Fig. 3) This is the first paper in which the immune response to the major outer membrane protein of V. cholerae in a human is described. Currently, there is a great need for a cholera vaccine
